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E“cﬂ;ed_ l:)q ’RO‘QHC{ C Backinouse

In [0], TRoland Backhouse describes a c\esijn
of a very nice o.\aor[hlnm For distributed {:or[:in3~

We cpuol-.e the problem sPec;f{caLiom,

"Given is a sequence of ba_ss B, (0si<N),
ond the problemm is to desigm anm array o

? S Y
processes, each of which ckores ome of the
loa_gs and w\qfc\fv communmcate L)_lj message -
passing, lo sort the Ea\js A Asuc‘n o wouy that
on termination '
(0) A 0<c<N: max (Bioy) € wmin (B))
ond éuc\n hat \:\ne size or the loajs remains
conskant dnroug"mu.l. the com‘am(:oul;ion.“

This rote is written o) to Corward our commenks

to Roland @)ack)aowse b) to experimem{ wii;\ﬂ :je.k

amobher exam‘ola AR whic o mak\oema\‘:ica\ olesijn

carn be driven cpu{{e comp)etelﬂ b_\j mvesLiﬂaLMB

the b\’!G\Fe rather than an imaj{neol Enterprekz}sf:ion

of the famerﬁfh% Formu[qe c) because Backhouse’s
e

o.\gori&irvm can Presen{:eol. i o somewhnabt more
dfsenﬁamﬁiei Cashion . Tt loejmf: with o
d.es::crir:!:iow 0’; l:\ne o\eséan and 4t evrids wi!:\n a.
brie{ Aiscussion CJF-v l::‘nose. oarks oc 'Bac.l'{‘/louse_'.s
bext Haal Brouj‘qf: aboul E\L;i_s [\ Ltle 6[:!40\3-

.){..

We consider a finite \")onemta[:(j seguence
of machines . Eac]n r:aix- OF W«Eij\’llﬂomf‘fﬂﬁ machines
s conmnecked E_Lj a omenel a.tomj w\n;clr; the
machines can Communicate [~or each channe
o boolean funcktion (s delimed and it de\vemols
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on the states o[ the two machines connecked by
the channel, and on nobhiv else . We aim ab
o compuka{:i‘on of the rebwork  that wpon
bermimakion has eskablished relakion

(0) (ﬁlq d.‘q) 3

\1er‘e IQ ranqes  over l:\';e C-\fm.mmels and d-\?
15 dne boolean {:‘uncl:ion ﬁor Csnahnel k .

Ihs‘af'red. bﬂ the /6\00‘\9‘: oE (0) we wish Eo
view o Corn\outal.-(on of the network as a
sea},mzmcg oc wleL we a\na” CG.H c.\oanne] ockivibies
For a c\ﬂawnel ke sucL; vy acLivaﬂ Compr('sw (:\ae
evaluakion OF d. k and , in case d.k 43 Fa‘seJ
Qa 6':6‘9 towards Etermirmation . Moye Precise\H,
using Chandy and Misra's rotation, we choose

([HQ ﬂd"k - skep Lowards Eerm:nal:ion_)

oS 0UurTr Er‘r‘s‘: a‘or;r-prmal:ion For o \Orajmm L\'\al:

QsLaJo“s%e.s (0) .

In the case we wamk ko save on "owtoer'ﬂuous;
C‘nannel ackivities, i.e. ackivities in which  d.e
Qvaiuahe.s to bkrue , we wisk ko have wore exr«vlic{[:
conkrol om when to E"":ﬁje" C.qurlhexsw For l-_hal;‘
purpese we ivitroduce o boolean variable alq
for each channel k., and conscder as our rext
approximakion the program

(Uk:: g"«’ — &»l:e\o towards bermination ) s
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eﬁtalslfs\niha

(1) (B_k:'. -;5!1)

The arue:sl:iom therm 41s under what cxd.d{l:(oma‘ conidi bion
(0) ‘still holds on termiration . For such e
condition we can c\aoose any so\u.l:ion of \'.\ﬂe
zwuql:iom X (1) A~ X = (0) . The wealkest
colubion is a4y = (0) but we pre{:er o solubion
dhal bhas the ,‘.;L;a\\oe of 0) oand (1), expresﬁeot in
local assertions on the C\nqnne)sn 'W:c:*epo‘f'e we

PY‘OPOSQ (ﬂh " Sl'& = dl‘i) , O - Qcyul'\fa\ehf:i\\j -~
(2) (Ak:: gk v d. k)
We will see to the Va[{o{{f:_tj of (2) Wik terminmakion

\:;5 r_lﬂoo.sing ik to be anm invarianmt 0(\ Ehe C.QM\OM.LQ—~

kiov . It ~.Ca\sn be e..s{ablfslﬂeo{ b_lj

(3) (fk:: 3.k:= l:rue)

Next we inveskigate o skep towards berminakion .
In view OF (1) the simples& Posai":t"f(:l:] Lor ma\‘ninﬂ

progress is, for channel k,
Sk P ga‘se :
Since 3[« As a fprecano‘.fHon oc l:\-,e éf-.eéo ot

decreases the value of Funckion v detined by
Ay = (N_k:: S.k) .

For it ko maintain bre invariank (2) , ks |orecory -
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dition should sakis&; ik . Hence for the aste‘a
of dhannel k we choose a program of the Form

(‘l) LE d-L'. - S-lﬂzzpa‘se
j-dk - Sk

k.

Irn order ko quarantee progress towards terminabion
for the second alternative as well | we shall cee ko

i dhat

(S) For eaJn i&,, Qk decreases O guncl:ion L
oot 4o bounded from below and thal is

hok increased by the First altermative,

50 Hnak eac‘n bl:e.p lexica.nud decreases !:\ne pair (u,w)
(, which 1s bounded From t:)e)c:w).

In &;\qe aloove fprogram , skaterment Sk 4s t\'le
°”‘_‘d sbatevnent ls\ﬂal. enables ms ko inﬂuence the
value o-c d . Next we vae::(:iﬁo-.he, for the &a“vze
of Vhainl:aimin_q nvariant (1), wlnic‘q d - volues 4
may inffuence. Tn our ulkimate solubion S/
will be & combined ackivity of the Ewo machives
o\djqcen!: ko channel k. Thecause the d-value oc
a channel d.epenols on bne sbates of ks adjacenl:
Mac\qt'nes, this combined acl:iv”:_tj may i‘nﬂmemce Ehe
d- value of each dhannel that is incident ko one
of the two machines. MDecause aur neLwork 15 a
linear arranqement of channes and mac\wfnes, S.k
con on\5 illuence the d- values of Hie three
successive channels L, k amij . Therefore,

>

for the sake of Mainl:a,éwg the invariant, s.k
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has ko wmaintaln the Con_juwc&ion or

€5 gl ~ dy
Remork The above cmjuhcl:ion can a‘waﬂs be

established by
(1) 3{ = krue ﬂ 3-‘13:: Erue u 3-_j‘ ¢ = brue

and in case we do ok want Eo axp‘oil: ony
additional hnowledae about d . there is
harolft_.j any okher ioice.

(End of Remork )

+

Next we do J'u:,lzn'ce to the desive that o channel
acLiv{EB be distribubed over the Ewo ad:jacenb
mac\nfnes~ More 5‘aeciciCc~H5J this means that
we have to diskribute @), (4), and (F) over
Hne:se m:ac‘fu'he&, 'ﬁqeg ComVn'se av im.ssaech‘an oF
the value of d.k  and some assijnnﬂenkb ko
Ao e 3'6. PBecause l:&’lbtb qu—- E‘ne discussion )
has been symmebric in the bwo sides of channel k
we 5‘1@“ see ko Ak l:lno\.l:‘ {:\ﬂe d,u'bkt":ul::'ow does nok
d.eal:r'b_lj thal bﬁmmebxy.

We dnveskiqate e \oar&ih:‘onfwﬂ of the cwtx;[\'a.rg
booleans a‘r-&i:. The /simp‘esl Aﬂmrnetn‘c par-
Eibionin ts obtaired b_nj T'e.\orcseml:n.‘hs g as

3 = (b?7c) for sowme bﬂmmd—r—ic b ool ean orera ~
Eov ?) w."qu the unol.er"sl:amoh‘na tlhat b 4s

o ’oo.czteam that can be manipuialzed and ‘:hb\?ec[‘eol.
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on‘g ak the ome side of the channe —— we call <t
bhe b-side ~« and c 4s a boolean Hhat can be
fmani\ou‘ml:col ond ﬁ.'\mspec;lzed Ohllj ok the other side
0‘( the chanmel —— we c.q“ L the c- side —— . From
I:‘ne l:hub Far' Oplrionq‘ (?) we eonc,]u,de_ l:"ra.l:
the mac%ines enjaﬁed in l:!ﬂe acl:ivilrﬁ of c‘nqnne[
k  should be Tenabled to eflectuake awn
O.S_ﬁjhmenb aﬁzl:me Cor an a.ot._iqcen‘: channel .
More épecicic.aug_, ! lhas to be such thatl v=brue

can be effectuated inde‘aeno{endg ot either side of
o channel . This dees wot

lecwe mu.cl’i OO gor
Cl’lOer :

(&) (Ak:: Bv\qab-kvm‘ﬁz)

Next we decide L‘-\’H&,LJ For the sake of symmebry
c:? Ehe W\ac‘ﬂfﬂe:&, ea.c\'n \rnmc.\ﬂir)e is ab the b- side
of one ol iks adjacen(: c\nawne\a and ak the o- side

OP EL’)E oE‘oer,

Fi gu.r“e.
L

c b K c b J

—

(End DF Fijmre )

The assijnmenbs Eo 3 i Eerms OC b and ¢
are

S.ch.-:: true  (in @) b.ki= true ﬂ c.ki= brue
3:{..'. = Erue (Ih ("f‘)) : C-\. L= Erue
9 k:=z brue  (n () b.lket = true | ¢k = krue

33 true  (in (7)) : .
3-k== false (in @) bk = ralaaﬂ k= False
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So much Ffor l-.\ae \oarl:if:iom'n_g of g

Now (:o'r" l:\ﬂe Pari:i‘:fon(nﬂ oF d . TBecause
i Seneral, d is an o.r"bn'l;rar-_zj function of the
states of two aolJacent machines, We foro pose that
prior ko d’le execukion OF (Q) these in'w\clﬂ{he:: eigage
in o Commuricakion rgvealfn E\qe value o!; d . So

much [or the \omrEE’:iomwg of d .

L

(RApart from distribution of the “dator and Hue
OPer‘a‘:ions on t\ﬂem, we wi“ Prol::aulolg a.‘.so have to
distrilboute the "ée?uemcim ", such as b ‘oeji\’ming
and the end or a chann acEfv{{B. This Beenj o
5eparato’e concern, we hove chosen riok ko elaborate ow

H E\';E.-a Lreal:men{: OF E"’E @\30"{"\"““')

This c.omc;\u.olej our trealtment oF a \Or"c:»jr‘am

that establishes (0) .

F o

Now we turn our abtention to thre 5pecf€(cf‘:"eb o-r
chck[ﬂouse'ﬂs a.lgor'iuﬂm . Qur Tema{mfhﬁ o‘oliﬁal:ion.s
are to see ko 41t that

a) l'-va va.lue O'E d..l«z is  Comipnunicaked
J:j S.k is c\qosew SULCLJ (:\'m{ (L ba‘:i&FiEs (5)
c) Sl is  chosen such that ik maintains ()

1n 'E)ac,‘q,lnou.se s scewvario eac{n mac\n{ne oWY S
o Finite honem‘okj L)GLB of inEe_ﬁer:s. For eac\n i:mg
bwo funckions P and g9 ore defined that e.acko
Be\ec{: o e\ememﬁ prvm L\ne. aj . (One may (:Lvéniq
OC funclions Lu'i?e max , mMmin, waedar ) With
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machine B ol the b-side oc Cl’lahhe[ k , and
machine C at the c-side. Bockhowse s choice
for d.k A5

(9) d.k = B < q,.C

Next we address e remminihg ololiﬂq[:ions a), b,

and ¢} i kurn.

Ad o For the communicakion off the value of d.k
we introduce Ekwo Fresh variables hB and hC .

T‘ne ('.ommutnica‘:io‘ﬂ QE:LOLLD“&LC-‘S
(w) bB = @C A h.C= \Q’E)

As a result d.k can be exr:r-essecl in the local
nomenclakure of rnaclnine, = as P-ﬁs_ h.B and.
i mochine C as hC < q,.C

(End of Ad a .)

Ad b A precondikion of Sk is | see (W} 5 d.k,

e, p.B > cp.C. T‘qereFore thre Baj adjwskxﬁewks

baj.B : baj,:B + [CPC] - [p- Bl
élcmg.c : baj.C + LpB] - [g.C]

decremse l:lﬂe l’mml::er 0{' AV ETSI0YTS - (Here we hse
that P and Y select baj elements and we also mse
that t\ve WCLWDT‘Q 15 & /sec‘(uence O(‘ macL:ine&: FOT
which tee funckion "number of inversions" is T)roperlg
defined. We do wot Ereab this in wmore debail . ) With
{:h[s c\noice_ (5) L5 bah‘sC\'eo‘. Eecauae A dqg gt'r'&[: Gbll:t\'“ﬁ
native of (q) no -‘oaj mah;lau[qi:\'o'ns occu .

ﬂgaih_. by (10) , the 'O&j aoﬁjus{mznts can be
expressed  in the \ocq\ l:er-mino1035 o? Qac\n mac‘nihe.

(Cad of Rd b.)

H]

]
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Ad ¢ Bockhouse chooses to maintain () by

ebl:ab“s‘m'm_g (611) C“"!d (6J) in bhe "easy way', wit.
by 3.{, i = brue ] g-J= true , and (bk) in a more
subbe way l::_uj exploihnﬁ specil:£cééies o(‘. d |, wi th
which we deal mow. Condition (61r) 4s { see (&)

and (CIJ }

(1) bk ~ ck pB < q-C

\«!‘nic\n s to be established b}j S.k . A pre -
condition of Sk dis  { see ()} d.k, (e
{see (9} p.-B > @C . Te. {szee (10)]

(il) h.C > h. 13 As Q ./Fre(:.or}c\(l:iow OJ{’ Sk

The ‘oaj a.ob'msl:menlzs an Sk may EmLLnEg toe
u’l;rcl di.ﬁjuhc{ OF (11) . —ﬂneregore we ore 4ivmkeres -
ked i Pre’;er"alslﬂ stron _ er-oncjer' tharn  Brue - -
exjoressions B and EC éaL(s% th

(13) BB ~ EC ~ \9~B < r,}, C

because Haen Sk can establish (11) 305
bl = BB || c¢k:= EC

(, provided, of course, that EB and EC are
ex.pr—essiue in ke local mcwvenc\al:ur"cs og malc\aihe.s
B and C r"e.s‘ae*c.Eivel_uj ) In our &ear"c\n For
EB and EC | (12) leads s to vaeal:-fjc\lzl'mg
pe B > q.C ¢ we have

P B> ar,C
=> {Erawsil:ivitg}
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p~B>L|.'13 v hBshC « h( >cp,C

= {bﬂ GZ) the middle disjuncl is l?axse}
pB>hB v hOs q-é

Hevrce, oud.ecpua‘:e C.\ﬂoécez por ER and EC are
F»B > h. B anid h.C > ‘}C T“es\oec,!:ivelﬂ. L-ﬂqe
exFressions (:ou.nol can indeed Loe é&:row_ge.r EL)ara
Erue ¢ i(:, For instavice, B owns a one- element
L:mﬁ_, \O'B and h.BB ,l:wl:\n l:aau'n_g bq3 elewnents, are
equal. )

(End of Adc.)

This comcludes our Ereabvment of whal we believe

ko be Backhouse’s distr buked Aor!:;‘nﬁ oulﬁor{lz\nm-

>

Backhouse , 4n J1is c{esigh, 4> Txu'c{eat by
more or less oPerm[:iona[ concepb, Auch as
"eskivnakes™ and Hheiy “{riaceuracies “whacerkainty
ond processes (:\ﬂaf: “have towmn \el:e. a‘ﬂ{"os‘"malzt'on“~ in
our opinion such covicepts have koo likHe technical
\orecisiom ko assisk inm the o\esfjm GC an olaor thm .
TlnereCore we wanked. to {hve&Efjate bhow mb‘li o(-\
the work could be dore \:)_\j just reja\rdt'nc] the
s\nqpe OF the emerﬁénﬁ {:m-mu.f }

Aae .

f‘\ﬂo!:\ﬂer" reoson por 145 ko th{erfm\,‘ae_ (:\'1:'.: \fl:lzle
skudy was our impression that in 0] the Sy -
Vhe‘:t-w bebween the bwo sides of a c.l":ahnel Ls vok
as.islolcaﬂed, W oa M?C{c:em&lg 5&Eif=£ac£my woy

A i:\nir‘d. Teasoyr wWas  our o\::serxm.&ion i:‘mﬂ; Ay
many o /Par'(: of Bockhouse s Ereatise the inkernal
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asbruckure o? Corm mlae was  ivrelevant Lor l:\ne
man{tomtalricn_s Qneﬂ were Aubjea[:.ed. ko . This
suﬂgeskeo[. that Hoere could be room fFor a

Yhoye discmkawjlecL Pre.sewl:al:{om.

Eindhoven, Apnl 19987

AJM. van Gasteren

A
wWH-J. f:ejew

o] Distributed Sorh‘m“g)
’QOIand. C. Bmc'al’louse

(Private Communicalbio h)



